Abstract -We evaluated the concordance between assemblages of Ephemeroptera and Trichoptera to verify if they respond similarly to environmental gradients in the basin of Suia´-Missu river in Mato Grosso, central Brazil. We tested the predictions that: (i) the distributional pattern of mayfly and caddisfly larvae is concordant along the spatial and (ii) environmental variation along the basin, and if (iii) taxa are concordant between themselves along the seasons and with the environmental gradients disregarding the seasons of the year. We found a concordance between species composition of mayfly and caddisfly in fall-water and rainy period, when analyzed separately by each season. The concordance between environmental variables and the two taxa analyzed separately also was concordant, but only on the fall-water season. Finally, we found congruence when both analyzed groups disregarded the temporal effect, but it was less representative than when we consider the seasons variation. Our results suggest that the hydrological cycle could be a driver of changes in species composition of mayflies and caddisflies.
Introduction
The major goal in ecology is to understand how parameters of biological communities (abundance, richness, and composition) respond to environmental variations (De Chaine and Martin, 2005; Bini et al., 2007) . Studies on organism's distributions in nature have revealed recurring patterns along environmental gradients, such as changes in community structures and species composition; latitudinal congruence of diversity can arise even in unrelated groups from all biogeographical regions around the world (Heino, 2002; Bini et al., 2007) . Similar spatial and temporal pattern among two or more taxa in relation to environmental gradient is called community concordance (Bowman et al., 2008) . Concordant patterns may also represent common preferences and adaptations, biotic interactions, covariance of assemblage responses to determinant environmental properties or even historical factors related to habitat colonization and evolution (Bini et al., 2008) . Thus, studies of community concordance can be used to evaluate patterns in biological communities, biodiversity, as a measure of responses to environmental changes and the placement of different taxa in a single surrogate group (Cameron et al., 2008) . Some authors found concordance between aquatic organisms with similar dispersal ability, similar sizes and habits requirements (Heino, 2010) , among macroinvertebrates, fish and algae (Monaghan and Soares, 2010) , between fish and birds (Paszkowski and Tonn, 2000) and among phytoplankton, zooplankton, macroinvertebrates, and fish (Bowman et al., 2008) .
The most important theories about energetic dynamics of rivers suggest that river sizes can produce concordance among several taxa, according to their functional adjusts along the River Continuum (Vannote et al., 1980) . This information increases the power of hypothesis generalization and effectiveness in model building (Heino, 2010) . In addition, certain groups may be surrogate for biodiversity assessment when analyzing responses to environmental changes in local and landscape scale and they can be used in monitoring programs to minimize costs when two or more groups respond similarly to environmental changes (Faith, 2003; Heino and Mykra¨, 2006) . However, there is evidence suggesting that the choice of indicators or surrogate groups may have limited value for studies of freshwater biodiversity due to divergent patterns or low concordance between communities (Heino et al., 2005; Heino, 2010) , which often reflects differences in evolutive history among clades of aquatic organisms.
The insect orders Ephemeroptera (mayflies) and Trichoptera (caddisflies) occupy a wide range of habitats in lotic ecosystems, inhabiting several meso and microhabitats from small streams to large rivers (Wiggins and Mackay, 1978; Wiggins, 1996; Domı´nguez et al., 2006) . The distribution of these insects is related to food availability, environmental variables and energy input along a watershed continuum (Vannote et al., 1980) . In freshwater environments, mayflies and caddisflies are important links in food webs, also have similar body size range, and show high local species richness and abundance. These groups are widely studied and used in biomonitoring programs due to high sensitivity to pollutants and other environmental disturbances (Rosenberg and Resh, 1993) .
Our goal was to evaluate the concordance between mayflies and caddisflies assemblages along an environmental gradient in Suia´-Missu river tributaries, Mato Grosso, Central Brazil. Specifically, following predictions of similar traits among several groups of Ephemeroptera and Trichoptera on tropical ecosystems we tested if (i) distributional pattern of mayfly and caddisfly larvae are concordant along the spatial and (ii) environmental variation along the basin, and if (iii) taxa are concordant between themselves and with the environmental variation along the seasons of the year.
Methods

Study site
Suia´-Missu river is the main tributary of the Xingu river, located in the transition zone between Cerrado and Amazon Forest, in Mato Grosso, central Brazil (between 11x15' to 13x40'S and 53x15' to 51x15'W). Climate is seasonal tropical, with a dry (May-October) and rainy season (November-April). In Ko¨ppen climate classification, the major part of the region is Savanna (Aw), with microregions with monsoon subtype (Am), and tropical rainy (A). The rainfall annual mean is 1.370 mm, and the monthly mean temperature varies between 32.7 and 17.0 xC (Ratter et al., 1978) .
The predominant economic activities are wood exploitation, rice and soybean monocultures, and extensive pasture for cattle (Riva et al., 2007) . Recently, dams construction project to provide energy building have generated interest conflicts between conservationists and government priorities in middle Xingu River, in ParaŚ tate, despite their low-energy supply potential and probability of high sedimentation (Carvalho et al., 2004) . The impact of dam construction on regional biodiversity is still understudied, but it is especially dangerous for aquatic organisms.
For evaluation of concordance among Ephemeroptera and Trichoptera, we selected 12 sampling sites encompassing several types of Cerrado vegetation in Suia´-Missu river and its tributaries (Fig. 1) . The sampled streams ranged from 1st to 6th order, following Strahler (1957) , and they varied in channel width, water flow, vegetation in riparian zone, and conservation status (see Fig. 1 for abbreviations). The substrata found in the sampling sites ranged from roots on banks, submerged vegetation, leaves, stems and twigs in pools and rapids, rocks, gravel and sand in lotic environments; and submerged macrophytes, roots and fine particulate organic matter, and silt in marshy environments (for details see Shimano et al., 2010; Nogueira et al., 2011) .
Data sampling
We sampled insect larvae in dry (September 2007), rainy (December 2007) , and fall-water (May 2008) seasons. We established 100 m transects in each one of 12 sampling sites, subdivided into 20 segments of 5 m following the methodology adapted from Juen and De Marco (2011) . We sampled portions of substratum within each segment with a dip netting of 18 cm diameter and 0.025 mm mesh. By this method, the pseudo-sample unit is each 5 m segments of the 100 m transect, which are used to estimate species richness for each site. Taxonomic compositions are assessed by sum of species abundance in all subsamples (see details below).
We identified specimens using genus keys for Ephemeroptera (Domı´nguez et al., 2006) and Trichoptera (Angrisano and Korob, 2001; Pes et al., 2005) . Afterwards, the species were morphospecied using phenotypic characteristics to distinguish the last larval stages within genus. The specimens were preserved in 85% alcohol and housed at the Colec¸a˜o Zoobotaˆnica "James Alexander Ratter" (CZNX), Universidade do Estado de Mato Grosso, Brazil.
Physicochemical data were sampled in three seasons, in the same transects used by insect larvae sampling. We recorded water temperature, pH, turbidity, electrical conductivity, dissolved oxygen, depth, flow, total soluble solids, and redox potential using a multiparameter probe.
We measured concentrations of ammonium nitrate, nitrite, and phosphate ions with a portable spectrophotometer, and total hardness, Ca ++ and Mg ++ with 0.0002 M EDTA. Streams and rivers widths were measured with a tape-measure. We evaluated environmental integrity with Habitat Integrity Index-HII (Nessimian et al., 2008) . This index is based on measurement of a series of parameters visually assessed related to land use, riparian zone conservation, streambed characteristics, and stream channel morphology related to margin and streamlet bed structure.
Data analysis
We used eight variables that were selected after we tested multicolinearity by correlation matrix (water temperature, pH, turbidity, electrical conductivity, dissolved oxygen, depth, width, and HII). To reduce dimensionality in abiotic data, we used principal component analysis (PCA) based on the correlation matrix of environmental variables after log transformation (except for pH) and standardization (Olden et al., 2001) . Posteriorly, we used the Broken stick method (Jackson and Harvey, 1993) to select the number of axes for interpretation. Analysis was designed in R environment by using functions of vegan package (Oksanen et al., 2011) . To test the significance of the groups (seasons) formed in PCA, we run an ANOVA for the two first PCA axis.
We estimated species richness for each insect order and for both orders combined with the nonparametric estimator first order jackknife by using EstimateS v.7.5.0 (Colwell, 2005) . Then, we have an estimative for species richness for each order in studied seasons and for a combination of both orders, which were regressed against environmental gradients summarized in PCA axes. In addition, we tested species richness and abundance along seasons using non-parametric repeated measures Friedman ANOVA and pairwise comparisons for significant results were evaluated by using Wilcoxon matched pairs test for dependent samples (Zar, 1999) .
We analyzed the structure of mayfly and caddisfly assemblages in relation to abiotic data using an indirect gradient analysis (Gauch, 1982) . We used a detrended correspondence analysis (DCA) to summarize species composition (abundance) in different environments. Correspondence analysis was run with data of all streams sampled, after log transformation.
We evaluated the degree of concordance between species composition matrix and abiotic data using a Procrustean routine (Jackson, 1995) . We performed this analysis with the scores of the first two axes of each ordination (DCA and PCA), since they contain most of the variability of original data. We perform this procedure in different ways to account for all environmental variability in our dataset. Firstly, we evaluated spatial concordance of the order within each season (dry, rainy, and fall-water seasons). Afterwards, we analyzed the concordance between a dataset composed by both orders against environmental seasonality in three separate seasons. Finally, we analyzed the temporal concordance using seasons as replicate. The test statistic (m 2 ) measures how divergent ordination patterns of the two datasets are, and the significance is then tested after 10 000 permutations. The Procrustes analysis was performed in R software (version 2.10.1) (R Development Core Team, 2011).
Results
Environmental variables
The first two PCA axes explain about 75.41% of the variation in environmental data (Table 1) . PC1 explained 45.42% of environmental variation and was negatively correlated with water temperature, channel width and depth, and positively related to turbidity. PC2 explained 29.99% of environmental data and was negatively correlated with turbidity. There was a cluster of samples from fall-water season (at the bottom of the figure), whereas those of dry and rainy season did not form a cluster (Fig. 2) . However, the ANOVA showed that there was a difference between fall-water samples and the remaining ones in the 2nd axis (F (2, 33) = 9.878; P < 0.001).
Assemblage structure
We sampled an overall of 2223 larvae, 1356 were mayflies (Appendix 1) and 867 caddisflies (Appendix 2). The mayflies sampled belonged to seven families, 31 genera, and 42 species/morphospecies. The highest abundance was recorded at fall-water, with 529 larvae, with 44.1 ¡ 31.6 (mean ¡ SD) per sample (Table 2) . In dry season, we found 464 larvae (38.7 ¡ 34.7) and 363 larvae (30.3¡ 28.0) in rainy season. Estimated richness was higher in dry season (14.1 ¡ 8.4; mean ¡ confidence interval), followed by fall-water (12.2 ¡ 5.8), and rainy seasons (11.1¡ 8.4). There was significant difference in mayflies abundance with relation to season (ANOVA repeated measure (N = 12, d.f. = 2) = 7.277; P = 0.026), restricted between fall-water and rainy (Wilcoxon = 6.500; z= 2.356; and P = 0.018) (Fig. 3) . Mayflies estimated richness have shown no difference among seasons (ANOVA repeated measure (N = 12, d.f. = 2) = 0.933; P = 0.627).
Caddisfly larvae belonged to seven families, 17 genera, and 45 species/morphospecies. Abundance was higher in average in fall-water (3.1¡ 1.1), followed by dry (2.5¡ 1.1), and rainy seasons (1.6 ¡ 1.2). There was significant differences in abundance and estimated richness among seasons (ANOVA repeated measure (N = 12, d.f.= 2) = 8.979; P = 0.011, and ANOVA repeated measure (N = 12, d.f. = 2) = 12.046; P = 0.002, respectively). We identify that fall-water was more abundant than rainy season (Wilcoxon = 4.000; z = 2.746; P = 0.006), while fallwater and dry seasons were richer than rainy season (Wilcoxon = 0.000; z= 2.934; P = 0.003 and Wilcoxon = 1.500; z = 2.310; P= 0.021, respectively) (Fig. 3) .
Accordingly, there were significant relationships among total species richness and the first PCA axes, showing decrease in species number with enhancement of channel width, depth, and increase of water temperature and decrease of turbidity (Fig. 4) . Caddisflies species richness showed the same pattern observed for the general community (r 2 = 0.128; P = 0.031; y= 4.889 x1.912*x), whereas mayflies did not have relationships with these environmental gradients (P > 0.05). DCA did not indicate a clear separation of sampling sites according to seasons, in the first or second axis (Fig. 5) . The ANOVA results corroborate these results, indicating no differences in species composition among the three seasons both the first (ANOVA: F (2,32) = 0.300; P = 0.743) as well as in the second axis (ANOVA: F (2,32) = 0.036; P = 0.965).
Concordance
Procrustes showed a high concordance between assemblages of mayflies and caddisflies during fall-water and rainy seasons (m 2 = 0.66, P < 0.01; m 2 = 0.56, P < 0.05, respectively). Contrasting our expectative, in dry season there was no concordance between the assemblages (m 2 = 0.39, P = 0.25). We found a concordance between environmental variables and the two taxa analyzed separately only during fall-water (Fig. 6) . We also found high congruence when both groups were analyzed jointly against environmental seasonality (m 2 = 0.43, P < 0.05, Fig. 6 ). When we analyzed the temporal concordance using each seasons as replicate there were both concordance between caddisflies and mayflies, and between the species composition of both orders and the environment variables (Table 2) . Results for concordance without seasonal variation were less representative than when we consider the seasons separately, showing the importance in considering demographic fluctuation and seasonality for considerations about concordance pattern.
Discussion
Seasonal rainfall is a major determinant of changes in several environmental variables in freshwater ecosystems in Brazilian Cerrado, for example, pH, water temperature (Melo and Froehlich, 2001; Bini et al., 2007) , turbidity, conductivity, water flow, and discharge can be affected by rain. During our study an unusual period of drought in December caused by delay of rainfall, reflected in low variation in some environmental variables. The concordance found between Ephemeroptera and Trichoptera assemblages in fall-water and rainy seasons can reflect the sensibility of both orders to rain action. Although they present adaptations to fix themselves in the substratum, like dorsoventrally flattened body and claws with denticles and setae in Ephemeroptera (Domı´nguez et al., 2006) , and line mooring construction and silk refuges in Trichoptera (Wiggins, 1996) , they are sensible to rains due to the increase and turbulence of water, that often carrys them downstream (Bispo et al., 2001; Melo et al., 2003) . Disturbance effects caused by increase of flow have been shown in experiments in streams communities of New Zealand (Melo et al., 2003) . The authors showed decrease of species density and diversity in the first weeks after disturbance. According to the Flood Pulse Concept, proposed by Junk et al. (1989) , high flow caused by water of the rains can cause catastrophic events for many organisms, being like a periodical reset in physics and biotic environment, reflecting in the homogenization of available substrata and fauna in this season of years, reflecting also in dominant species distribution.
Another factor that probably contributed to the concordance of these orders is that aquatic insects present behavioral responses that allow them to escape from negative effects of disturbance, through lateral migrations to search refuge preceding the first rains (Hynes, 1970; Junk et al., 1989) . Moreover, reproduction is adjusted to rainy season, in which they emerge, reproduce and oviposit, preferring substrata protected from fast flow (Brittain, 1982) , and running from the period of greater hydrological instability. These kinds of behaviors happening in synchrony between both orders probably contributed to our results. Heino et al. (2003) agree that concordant patterns verified in fall-water season can be related to morphological, physiological adaptations, and especially, behavioral adaptations of these insects to hydrological instability.
In a previous study, Heino (2002) found a strong relationship between both species richness of dragonflies, macrophytes and fish and species richness and richness of the community as a whole. However, same author reports a negative correlation between species richness of Plecoptera and other organisms, because stoneflies have different requirements for water temperature and dissolved oxygen. In a second study, Heino et al. (2003) found low concordance in species richness of larvae from four groups in headwater streams (Ephemeroptera, Trichoptera, Plecoptera, and Chironomidae) in Finland, other studies often found low concordance in the structure and species richness in freshwater ecosystems, especially at small spatial scales (e.g. within basin Allen et al., 1999; Paavola et al., 2003; Tolonen et al., 2005) . Low concordance can arise between similar-sized organisms, such as different groups of aquatic insects, because of specific requirements to use of the environment. For instance, this phenomenon can be caused by distinct dietary and physiological requirements, differences in substrate choice, and resistance to flow disturbance .
Environmental factors have been suggested as the main factor responsible for structuring freshwater communities (Landeiro et al., 2012; Roque et al., 2012) . The biological processes that influence taxa establishment and their persistence in these environments are, often, manifested most strongly at the regional scale, for instance because hydrology of the catchments and inherent geomorphology are pointed out to be the main controlling factor of environmental disturbance at local scale. Considering the seasonal variations, only in the fall-water season Ephemeroptera and Trichoptera were congruent with environmental variables.
Despite evidences suggesting that deterministic and stochastic processes drive variations in freshwater community composition and congruence , evaluations of the prevalence of these processes along temporal and environmental gradients including the effects of disturbances could have promising information, and need to be explicitly incorporated into the partitions variance analysis.
However, other characteristics of community seem to contribute with greater concordances in diversity patterns, as reported for taxa with similar body size (Allen et al., 1999) , more narrow taxonomic (niche conservatism), and within functional groups .
In the same way, according to Grenouillet et al. (2008) , the concordance between macroinvertebrates, diatomaces and fish can be explained by trophic interactions and convergences in organism histories. Once, non-related organisms with similar response to the environment can have similar patterns of distribution on aquatic ecosystems. However, we cannot affirm that environmental variables can be replaced by mayfly and caddisfly sampling once the Fig. 6 . Concordance patterns for caddisflies and mayflies and the environment along three seasons and environmental seasonality; concordance for composite community dataset (caddsflies and mayflies) and environmental seasonality along three seasons (2007) (2008) , in Suia´-Missu River basin, Mato Grosso. The black arrows indicate significant concordance according to a P-level of 0.05. correlation was low (r= 0.434, strong correlations > 0.70, obtained in Heino, 2010) .
It shows one more time, that independently of each other, both orders are sensible to changes in water quality and highlight the importance of these groups to conservation planning and water quality biomonitoring (Landeiro et al., 2012) . Corroborating our result, Couceiro et al. (2010) analyzing indicator species, found that four taxa of Ephemeroptera and ten of Thichoptera were associated with non-impacted streams, and no taxa indicated the impacted ones. The greater concordance between both taxa and environmental variables may indicate that they are complementary and need to be sampled together if environmental changes have to be detected. Nevertheless, we cannot affirm that only one order could be sampled due to the greater results found when we used both orders in analysis. If indicator groups and surrogates are relevant to freshwater biodiversity conservation more investments, deep and wide studies focusing on temporal and spatial variation have to be made, mainly addressing reduction of costs by use of high-order taxonomic resolution and crosstaxon congruence (Heino, 2010) .
We conclude that environmental variations in streams resulted from temporal changes (season of the year) directly influence the patterns of mayflies and caddisflies distributions, though they have adaptations for rain effect. The differences in concordance between Ephemeroptera and Trichoptera found according to the seasons of the years, the fact that both orders agree with environmental variables only in the fall-water season, and less representativeness of our results when seasons were analyzed together make us support the fact that the hydrological cycle could be a driver of changes in species composition, as predicted by the Flood Pulse Concept.
